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CHRiSTCHURCH OFFICE 



IP Australia 
PO Box 200 
Woden, ACT 2606 
AUSTRALIA 



Attention: Rajeev Deslimukh 



Re: PCT Application No. PCT/N^003/00279 
AgResearch Limrted 

Measurement Apparatus AND Method 
Our Ref: d9FL^/yosM 



Thank you for your second Written Opinion dated 14** March 2005. 

Referring to that Opinion, and our conversation on the 14* April 2005: 

The Examiner has stated that although all claims MS, 17-19 are novel all 
the daims lack inventive step. We are somewhat surprised at this objertton 
given the Examiner's comments in the first Written Opinion that the subject 
matter of the former claim 5 was novel and inventive, which was 
subsequently added as an essential feature of claim 1 . It thus appears the 
Examiner has reversed his conclusions from the first Written Opinion. 

In the event any objections are maintained, we ask that the examiner 
Identify the rational behind this inequitable reversal, particularty given the 
inevitable cost and inconvenience generated for the applicant by the need to 
respond to such inconsistent objectfons. 



In any event, it is submitted the amended claims do 
over the prior art. 



possess inventive step 



Whilst the examiner states it Is an obvious deskleratum to place 
the emitter and/or detector adjacent to or in contact with the object 
this overiooks the practical considerations involved. If such a 
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JAMES &.WELLS 

capability had in fact been contemplated in the prior art i"teiiectualp»opertv 

documents, details of how the practical complications were 

addressed would be evident. However, no such description is 

present in any of the prior art, despite the high level of descriptive 

detail (as noted by the examiner) used for the wrious other 

system features. 

• To achieve a configuration where the emitter (and optionally the 
detector) are positioned immediately adjacent or in contact to the 
<x)Ject, requires either: 

1. precise placement of the object between static detectors and 
emitters (as per the prior art); 

Such a time consuming and exacting method Is not 
compatible wiOi high throughput applications such as 
meat packing plants, nor with accommodating objects 

of variable size and/br position between the emitter 
and detector. 

2. affixing the emitter and detectors to a rigid conduct or housing 
containing tfie object {e.g. grain, as disclosed in US 431 1845 
US 5871397, and 682359630); 

Although this provides a means of testing loose 
objects such as flour, grain and the like, the emitter 
cannot be said to be in direct contact witfi the actual 
object as perthe present Invention. 

3. providing a reversible drive apparatus to place at least the 

emitter on/immediately adjacent tiie object as per tfie present 
invention. 

Furthemiore, unless the objects are presented to the 
•measuring apparatus witii a high degree of size and 
positional unifomilty it is desirable to utilise some form 
of proximity sensor to ensure the emitter is accurateTy 

positioned in contact or immediate^ adjacent tiie 
object virithout impact 

The prior art provides no suggestion of a proximity 
sensor means. 

Thus, It is submitted that the prior art in fact teaches away from the concept 

^"^.oCl^v.'^?'® "^"^f ""^^ ^^^^^^^^^ 

back to 1978 illustrates ttiat ttiere has been ample opportunity for 

implementation of such a system should it have been obvious to ttiose 

skilled in ttie art wittiout ttie ex-post facto analysis warned of in case law. 

Regarding tfie individual citations discussed by ttie examlnen 

• W0 1991/02966: The examiner quotes page 20, lines 10-12 'the 
sample container was positioned immediately ahnvfi tht, 
transmitter ftorn' {emphasis added). We submit however, ttiat in 
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the context of the whole discfosure, it can be seen that passage '"tellectuai property 

refers to location of the sample in the horizontal axis and not 

vertical proximity. This is evidenced by the corresponding 

parage on page 16. lines 11-12 which relates to the practical 

implementation (c.f. the coal conveyor belt appHcation shown in 

figure 5) of the laboratory measurements described on page 20 

It <»n be seen from figure 5 that the transmitter horn is placed ' 

under the conveyor belt and thus cannot be /mmed/ate/ya<Aac©nf 
or /nc^M7?ac* with the object. Moreover, the citation discusses the 
issue of a vanable thidcness product (a conveyor belt of crushed 
coking and steaming coals) which could conceivably lend itself to 
the use of movable emitters and/or detectors. That there is no 
such suggestion supports the inventive step of the present 
invention. 

• GB 2359630: The illustrations corresponding to the three 
applications of moisture measurements described are each 
schematic with respect to the physical interrelationship between 
system components. It is thus not clear if the emitter/detector 
shown in figure 1 are actually positioned on a cooked/baked 
product itself or just a symbolto 'zone' through which the product 
would pass. The latter interpretation appears the most plausible 
given there is no reference to any means of moving the 
emitter/detectors and they appear to be fixed. Indeed page 4. line 
2 states the horns are "mounted on a stand", l.e. fixed 

Consequently, is difficult to envisage a plurality of variably sized 
producte such as baked goods passing through an exactly sized 

gap between an emitter and detector without interference' 

• US 413ie45: The introductory paragraph confirms the focus of 
ttie invention to moisture measurement of material -confihet/ to 
flow through a chute". The remaining description provides no 
altemahye embodiments. Thus, there is no anticipation of the 
emitter/detectors being placed in contact with the product 
Furthemiore, given the ill-defined boundaries of such flow 
products (e.g. flour, grain and the like) and the consequental 
imprarticality of attempting to position a movable emitter 
Immediately adjacent or in contact with tt^e flow, it is submitted the 
citation provides no teaching towards the present Invention. 

To further refine the inventive aspects of the present invention and In light of 
the examiner's comments, the claims have been further amended ^ shovw 
on the enclosed tracked and clean copies including; . '^"^^^"own 

• <teletingthe referenceto1af/©asfsotefanf/a//y'in claim 1 and 
spTOifying that 'any emitted electromagnetic radiation from the 
emitteris transmitted into the object. 

• amending claim? to be an Independent daim Incorporating all 
tfie integers of claim 1 plus original subject matter of claim 7. l.e 
the addition of a proximity sensor. 

• deleting daim 1 3. It is agreed tiie manual placement of the 
emitter and/or detector is incompatible with tfie addition of a drive 
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assembly as an essential integer of dalm 1 . intellectual propertv 

replacing the subject of the fonner claim 1 6 with a dependant 
method claim stating the additional requirement that Wi© 
apparatus fo tocafed and operable external to any enclosure or 
housing'. 

amending the fomier claim 1 7 to include a dependency to the 
preceding apparatus claims, thus conferring the required noveltv 
and inventive step. ' 

Corresponding claim renumbering, updating of relevant claim 
dependencies, and minor typographical con-ections, have been 
performed. The corresponding portions of the description have 
also been updated and a copy of these pages, is enclosed 



Yours sincerely 
JAMES & WELLS 

1^ Andy Cable 
*' Associate 

andyc®Jaws.co.nz 



Enclosures : 

Amended pages 8-22 (clean copy) 
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referred to herein, this refererice does not constitute an admission that any of these 
documents fomi part of the common general Icnowledge in the art. in New Zealand or 
in any other country. 

It is adoiowledged that the term 'comprise' may. under varying jurisdictions, be 
attributed with either an exclusive or an inclusive meaning. For the purpose of this 
specification, and unless othenvise noted, the term 'comprise' shall have an inclusive 
meaning - i,e. that It will be taken to mean an inclusion of not only the listed 
components it directly references, but also other non-specified components or 
elements. This rationale will also be used when the temi 'comprised' or 'comprising' 
is used in relation to one or more steps In a metiiod or process. 

It Is an ot)ject of the present inv^tion to address the foregoing problems or at least to 
provide the public with a useful choice. 

Further aspects and advantages of the present Invention will become apparent from 
the ensuing description which is given by way of example only. 

DISCLOSURE OF iNVENTlftM 

According to one aspect of the present Invention there is provided an apparatus for 
measuring the transmission or attenuation of electromagnetic radiation tiirough an 
ol)ject. said apparatus Including an electromagnetic radiation emitter and detector, 

characterised in that ttie apparatus further inclnrfft s a drive ann^ratus capahlP nf 
reversiblY placing the said emitter immediate l y adjacent nr in contact with a s..rfana r>f 
the object such that any emitted eli^^m m aanetic radiation from the amittAr 
transmitted into the ohjeot wherein t o perform transmission/attenuation 
measurements, tho apparatuo I d conflgurablo cuoh that c ald emitter is positioned fey 
said drive apparatus I mmediately adjacent or in contact with t h^ surface of said object 
and said detector is positioned on an opposing side of the object such ttiat tiie 
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'^^^^o' eololy. or at loact cubotantially receives electromagnetic radiation transmitted 
througli ttie object from tlie emitter 

The present invention tlius provides a means of mitigating measurement enors 
stemming from any detector readings of Indirectly received electromagnetic radiation 
not passing though the object. This is particularly useful for temperature 
measurements, where the transmissivity of the object to the incident electromagnetic 
radiation varies according to temperature. 

Thus, according to one embodiment of the present invention, said apparatus is 
configurable to perfonn temperature measurements by positioning of the emitter 
immediately adjacent pf ip contact with.the surface of said object and positioning said 
detector on an opposing side of the object such that the detector oololy, or at loact 
cubotantial l y -receives electromagnetic radiation transmitted through the object from 
tfie emitter. 

In particular, the invention is suited to. but not restricted to, temperature 
15 measurements using microwave radiation. 

According to one embodiment of the present invention there Is provided an apparatus 
for measuring the temperature of an object, said apparatus including: 

" a microwave emitter and a nnicrowave detector 

characterised in tiiat the apparatus further mmiu ^ a drive ap par atus capable «f 
reversibly placing ttte said emitter imm^ Hiiateiv adiafi»nt to. or in mnt^nt with « 
surface of the object, wherein t o perform temperature measurements, said 
microwave emitter is positioned by said driv^ «ppar«t..<^ i»,»w4i..^,y adjacent the 
surface of said object and said detector is positioned on an opposing side of tiio 
I object such that tiie microwave detector pololy. or at loact cubotantially receives 
25 microwave radiation transmitted through ttie ot)ject from the microwave emitter. 



10 

According to another aspect of the present Inverrtion there is provided a method of 
measuring the temperature of an object using microwave radiation using the 
apparatus as descrit)ed above, saidmethod characterised by the steps of: 

Msinq said apparatus to positionteg a-ttie_microwave emitter immediately 
adjacent or in contact with a surface of said object; 

positioning a microwave detector on an opposing side of the object to said 
emitter; 

such that the nnicrowave detector fr oi oly. or at loact oubotontia il y r eceives microwave 
radiation transmitted through the object from the microwave emitter. 

As used herein, the term ot^ect is to be interpreted wideiy and includes any 
substance, material, or organic matter, particularly those containing moisture and/or 
any other substance v^ere the transmittivity of electromagnetic radiation energy 
changes measurably with temperature. 

In one embodiment, said object is frozen, near frozen or chilled. 

It will be appreciated however that the present invention is not necessarily limited to 
the temperature measurements of frozen or chilled objects. Alternative (non- 
temperature related) uses may be made of the measurements produced by the 
present invention. 

Proforably, tho procont invontion further in r i i idoc drivo qpparatuo oapablo o f 
revorcibly plac i ng tho paid om i t t or immodiato i y ndjaoont to, or i n contact with, a 
surfaco of tho objoot 

Optionally, the present invention also includes drive apparatus capable of reveisibly 
placing the detector on an opposing side of said object to said emitter. 

According to one aspect of the present invention, said drive apparatus is a linear 



10 



13 



It is entirely feasible for an operator to manually place the emitter and detector on 
opposing sides of an ot)ject for a singular temperature measurement 

Agpordinq to a further aspect, the presft n t invention nrovidas a mflthod of measuring 
the transmission or attenuation of fii e ctromaanfltin radiation through successive 
objects using the apparatus as hereinh efore described. comDrisino the steps: 

- — successtvely transporting objects via said conveyance svstem between ti^ a 
emitter and detec tor along the primaw axis of travel: 

— Posttioninq the emitter adfacent to , n r in contact with, each object when 



interpose d between said emitter and detector; 



perfonDiriq — an — electromagnetic radiation transmission or attenuatipn 



measurement; 



nriovin g the emitter awav from the obj ent. 
Preferably, the method f urther indurles the stens gf- 

~ — Positioninq the detector adjacent to or m contact with, each object wh^g 
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intgrppged between said emitter and detector nripr to performtnt^ tho 
electromagnetic radiation transmis.«d on or attenuation measurement; 

moving t he detector awav from the object. 



According to one aspect, the appara t us is located and operable external 



any 



enclosure or housing. 
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According to a further preferred embodi ment, the present inventicn provide.*; 



a 



method of measuring temperature of an o b ject usinn mjcrowave radiatjon usino the 



apparatus substantially as described herei n , said method characterised bv the steps 
of: 
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— "Sing said drive apparatus to positi o n the micrciwave emitter immedfateh/ 
adjacent or in co ntact witti a surface of s;aid object; 

:^ — irradiatina the object vwth microwavA radiation from the emitter 

: — detecting microwave radiation transmitted t hrough tfie ohject with the microwflw 
detector positioned on an oppos ing side of the obiect to said emitter 

: — calculating the obiect temperature f ro^ said microwave radiation received bv the 
detector. 

As previously stated, the inventive emitter and detector configuration may also be 
utilised with other forms of electromagnetic radiation and for non-temperature 
measurement purposes. 

BRIEF DESCRIPnON OF DRAWINGS 

Further aspects of the present invention will become apparent from the following 
description which is given by way of example only and with reference to \he 
accompanying drawings In which: 

Rgurel shows a first side elevation of a prefenred embodiment of the present 
Invention; 

^^""^^^ shows a second side elevation of the embodiment shown in figure 1 ; 
Rgurea shows an enlarged view of the embodiment shown in figure 1 , and 
Rgure4 shows an enlarged view of the embodiment shown in figure 2. 
BEST MODES FOR CARRYING OUT THE iNVENTinM 



Rgures 1-4 show a first embodiment of tiie present Invention for temperature 
measurement of frozen meat boxes in a meat processing plant. 
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In the embodiment shown, the microwave detector (3) is positioned a short distance 
below the carton (6) to allow for the passage of the conveyor system (5). It will be 
appreciated that In other embodiments, the detector (3) may be placed in contact with 
or Immediately adjacent to the surface of the carton (6) to ensure no extraneous 
6 reflected or refracted microwaves are received by the detector (3). It has been found 
In practice however that separating the detector (3) from the surface of the object 
being the temperatures being measured (6) does not cause any appreciable 
degradation in the temperature measurement. Nevertheless, alternative 
detector/conveyor systems (3, 5) may be configured to pennit placement of the 
10 I detector (3) in contact with, or Immediately adOacent to, the cartoon (6). 

In yet further embodiments, the emitter (2) and detector (3) may be manually placed 
in position about the carton (6) to effect a single temperature measurement, as may 
be required for random sampling checks and the like. 

Thus, by virtue of the aforementioned configuration, the present Invention provWes an 
16 apparatus and a method for measuring the transmission/attenuation of 
electromagnetic radiatton transmitted through a sample without erroneous 
measurements from non-transmission radiation and without need to place the said 
objects In a measurement enclosure and without obstnicting the throughput of 
objects in continuous producBon/packaging or storage applications. 

20 Aspects of the present Invention have been described by way of example only and it 
should be appreciated that modifications and additkxis may be made thereto without 
departing from the scope thereof. 
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Claims: 



1. An apparatus for measuring the transmission or attenuation of 
electromagnetic radiation through an object, said apparatus including an 
electromagnetic radiatton emitter and detector. 

characterised In that the apparatus further includes a drive apparatus capable 
of reversiblv Placino the said emittAr immedlateh/ adlacent or in contact with a 
sgrface of the object such that anv emitted elert romaonetle radiation from the 

SBSm — 18 — tr»r^mry^ Into the obleet. wherein t n perform 

transmission/attenuation measurements, tho apparatuc io configurable ouoh 
that-said emitter is positioned bv said drive apparatus i mmeriiatety adjacent or 
in contact with t he surface of sard ol^ject and said detector is positioned on an 
opposing side of the object such that the detector eololy. or at looct 
eubctantially receives electromagnetic radiation transmitted through the object 
from the emitter. 

2. The apparatus as claimed in dalm 1, wherein said apparatus Is configurable 
to perfonn temperature measurements by positioning of the emitter 
immediately adjacent or in contact with th^ surface of said object and 
positioning said detector on an opposing side of the object such that the 
detector eololy, or at loact cubotantially r eceives any electromagnetic radiation 
transmitted through the object from the emitter. 

3. The apparatus as claimed in dalm 1 or claim 2, wherein said object includes 
any substance, material, or organic matter containing moisture and/or any 
other substance where the transmittivity of electromagnetic radiation energy 
changes measurably with temperature. 

4. TTie apparatus as claimed in any one of tho preceding claims, wherein said 
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object is frozen, near frozen or chilleci. 

5.Tho apporatuo ao o l aimod i n any ono of tho proooding olaimc. furthor inotud i ng 
drlvo apparatuo oapablo of rovorcibly placing tho caid omittor immodfatoty 
adjaoont or in contact with a surfaoo of tiio objoot. 

ijSj ^The apparatus as claimed In anv one of c laims gi - 4. wherein said 

drive apparatus Is capable of roversibly placing the said microwave detector 
on an opposing side of said object to said emitter. 

IS. The apparatus as claimed In any one of claims €5, wherein said 

drive apparatus is a pneumatic, hydraulic, or electro-mechanical operated 
linear actuator. 

Si An apparatus for me asuring the transmission or attenuation of 

electromagnetic radiation throu gh an obiect. said apparatus including an 
electromagnetic radiation emitt er and detector, characterised In that tfie 
apparatus further Includes a drive apparatus capable of mvereiblv placing the 
said emitter Immedlateh^ adjace nt or in contact with a surface of the obiect 
such that anv emitted electroma nnetic radiation from the emitter is transmitted 
into the objept, Tho apparatuo ac ola i mod in any ono of olalmo 6 ■ 7, whoroln 
tho drivo apparatuc/omittor aooomb l y furthor inoludooa nd a proxlmlfy sensor 
capable of determining the proximity of the object to the emitte r, wherein to 
perfomi transmission/attenuatio n measurements, said emitter Is positioned bv 
said drive apparatus immediately a djacent or in contact with the surface of 
said object and said detector is positioned on an opposing side of the obj ect 
such that the detector receives ele ctromagnetic radiation transmitted through 
the obiect from the emitter . 



: The apparatus as claimed In claim 87. wherein the projdmity sensor is 

an ultrasonic sensor. 
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4M= ^The apparatus as claimed in any one of the preceding claims, wherein 

said detector is positlonabie Immediately adjacent to. or in contact with, said 
object 

iMO ^The apparatus as claimed in any one of claims 1-©8. wherein said 

detector is located proxlnnate to, but not in contact with said object 

^The apparatus as claimed in any one of the preceding claims, further 

including a moving conveyance configured to transport a plurality of objects 
along a primary axis of travel passing between the emitter and detector. 

^The apparatus as claimed In claim 4^11. wherein the moving 

conveyance includes conveyor systems, pallet-handling systems, automated 
cargo transport systems, robotic, manual or human-operated object handling 
and/or transportation systems. 

H.Tho apparo tii r ac olaimod in any one of olaimc 1 1. wfioroin tho miorowavo 
emit tn r nnd dotootor arc m n nually pocitionab l o on oppocing cidoo of an objoot 
for tomporaturo moacuromont * 

4Sd3^ A method of measuring the transmission or attenuation of 

electromagnetic radiation through successive objects using the apparatus 
dalmed In claim 4*-lLor 4312, comprising the steps; 

successively transporting objects via said conveyance system between 
the emitter and detector along the primary axis of travel; 

positioning the emitter adjacent to, or In contact wfth, each object when 
interposed between said emitter and dete<^on 

perfomrjlng an electromagnetic radiation transmission or attenuation 
measurement; 
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moving the emitter away from the object 

^The method as claimed In claim 4&-13.lncluding the further steps of; 

positioning the detector adjacent to. or In contact with, each object when 
Interposed between said emitter and detector prior to performing the 
electromagnetic radiation transmission or attenuation measurement; 

moving the detector away from the object 

^^sm The method as claimed in daims ia or 1 4. wherein the aooaratus is 

lo<?9ted and operable external to anv ,mr4n^,r^ ^ Tippnmtur for 

moaourlng tho tompomtiim nf nn nhjn»f ^^ i ^^ nppamtuc In o luding: 

- a miorowavQ omittnr tnrt n nnfffrowavo dotoctor; 

nhnractoriood In that to perform tomporaturo moacuromontc. caid miorowavo 
emit to r ic poc l tionab l o Immod l atoly adjaoont ttio ourfnoo of cald objoot and 
R i rd d n t n ctor I c pooitlonod on on oppnrinq Hrtn nf H.r. ^ p^ jp^ pu p ^, 
miorowavo dot o ctor cololyt or at l oact cubctantla l ly rooolvoc miorowavo 
radiation trancmlttod through tho objoot from tho miorowavo omittor. 

4fem A method of measuring temperature of an object using microwave 

radiation using the apoaratus as nb timed in cteim« 1.10 c^iH rr.^*^^ 
characterised by the steps of: 

using said drive apparatiis tn p »oi«»»i.^ *4t!e_microwave emitter 
Immediately acgacent or in contact with a surface of said object- 
irradiating the object with microwave radiation from the emitten 

pooitioning adetectino miorowavo r adiation transmitted througih tht* 
object with the microwave detector positioned o n an opposing side 
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Of the object to said emitte r such that miorowavo dotootor oololy. or. 
at loact cubctantially rooorvoc miorowavo radiation trancmittod 
ttirough tho objooft from tho miorowavo omittor ; 

calculating the object temperature from said microwave radiation 
received by the detector. 

IZ ^An apparatus substantially as hereinbefore described with reference to. 

and as shown in the drawings. 

IS; A method substantially as hereinbefore described with reference to. 

and as shown In the drawings. 
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Abstract 



An apparatus (1) for measuring the transmission or attenuation of electromagnetic 
radiation ttirough an object (6), said apparatus m.inciuding an electromagnetic 
radiation emitter (2) and detector (3), 

diaracterised in tfiat the apparatus (1) further inninrt es a drive aonaratus capable 
of reversibly placing the said emitter (2) imnv m iatelv adianfint or in contact with a 
surface of the object (6) such that anv orrMH ^ electromannfttio radiation torn tha 
emitter (2) is transmitted into th.. object. wh<>rA>n tn perform 
transmission/attenuation measurements, th e npparatuo in oonfigurablo ouoh thai 
said emitter (2) is positioned bv said drivp ^np^r^t... t — ^^♦..y adjacent or in 
contact with t he surface of said object (6) and said detector (3) is positioned on an 
opposing side of the oijjed (6) such that the detector (3) sololy, or at loaot 
eubctantially receives eiedromagnetic radiation transmitted through the object (6) 
from the emitter (2). 
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referred to herein, this reference does not constitute an admission that any of these 
documents fonri part of the common general knowledge In the art. In New Zealand or 
In any other country. 

It is acknowledged that the temi 'comprise' may. under varying jurisdictions, be 
attributed with either an exclusive or an Inclusive meaning. For the purpose of this 
specification, and unless othenvlse noted, the term 'comprise' shall have an Inclusive 
meaning - i.e. that it wUI be taken to mean an inclusion of not only the listed 
components It directly references, but also other non-specified components, or 
elements. This rationale will also be used when the term 'comprised* or 'comprising' 
is used in relation to one or more steps in a method or process. 

It Is an object of the present Invention to address the foregoing problems or at least to 
provide the public with a useful choice. 

Further aspects and advantages of the present Inventton will becotVie apparent from 
the ensuing description whfch is given by way of example only. 

DISCLOSURE OF IMVEMTIQM 

According to one aspect of the present invention there is provided an apparatus for 
measuring the transmission or attenuation of electromagnetk; radlatk}n through an 
cbieci, said apparatus including an electromagnetic radiation emitter and detector. 

characterised in that the apparatus further includes a drive apparatus capable of 
reversibly placing the said emitter immediately adjacent or in contact with a surface of 
the object such that any emitted electromagnetic radiation from the emitter is 
transmitted Into the dqect. wherein to perfonn transmission/attenuation 
measurements, said emitter is positioned by said drive apparatus Immediately 
adjacent or in contact with the surface of said object and said detector Is positfoned 
on an opposing skie of the object such that the detector receives electromagnette 



# 
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radiation transmitted through the object from the emitter 



The present invention thus provides a means of mitigating measurement errors 
stemming from any detector readings of indirectly received electromagnetic radiation 
not passing though the object This is particularly useful for temperature 
measurements, where the transmlssfvity of the object to the incident electromagnetic 
radiation varies according to temperature. 

Thus, aoooiding to one embodiment of the present invention, said apparatus is 
configurable to perform temperature measurements by positioning of the emitter 
Immediately adjacent or in contact with the surface of said object and positioning said 
detector on an opposing side of the object such that the detector receives 
eiectromagnotic radiation transmitted through the object from the emitter. 

In particular, the Invention is suited to. but not restricted to. temperature 
measurements using microwave radiation. 

According to one embodiment of the present invention theiB is provided an apparatus 
for measuring the temperature of an object, said apparatus Including: 

' a microwave emitter and a microwave detector 

characterised in that the apparatus further includes a drive apparatus capable of 
reversibly placing the said emitter Immediately adjacent to. or in contact with, a 
surface of the object, wherein to perform temperature measurements, said 
microwave emitter is positioned by said drive apparatus immediately adjacent the 
surface of said object and said detector is positioned on an opposing side of the 
object such ttiat the microwave detector receives microwave radiation transmitted 
through the object from tiie microwave emitter. 

According to anotfier aspect of the present Invention there is provided a method of 
measuring the temperature of an object using microwave radiation using tfie 
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apparatus as described above, said method characterised by the steps of: 

using said apparatus to position the microwave emitter immediately adjacent or 
in contact with a surface of said object; 

positioning a microwave detector on an opposing side of the object to said 
emitten 

such that the microwave detector receives microwave radiation transmitted through 
the object from the microwave emitter. 

As used herein, the tern™ object is to be Interpreted widely and includes any 
substance, material, or organic matter, particularly those containing moisture andfor 
any other substance where the transmittivity of electromagnetic radiation energy 
changes measurably with temperature. 

In one embodiment, said object is frozen, near frozen or dillled. 

It will be appreciated however that the present Invention is not necessarily limited to 
the temperature measurements of frozen or chilled objects. Altemative (non- 
temperature related) uses may be made of the measurements produced by the 
present Invention. 

Optionally, the present invention also includes drive apparatus capable of reversibly 
placing the detector on an opposing side of said object to said emitter. 

According to one aspect of the present invention, said drive apparatus is a linear 
actuator including, but not limited to. pneumatic, hydraulic, electro-mechanical 
operated actuators. 

The drive apparatus^emitter assembly may further include a proximity sensor capable 
of determining the proximity of the object to the emitter. Thus, the emitter may be 
reliably and repeatably placed at the same degree of proximity to each object without 
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risk of impact In one embodiment, the proximity sensor Is an ultrasonic sensor. 

Preferably, said detector is positioned immediately adjacent to or in contact with said 
object. However. In an altemative embodiment, said detector is located proximate to. 
but not in contact with said object. 

6 The present Invention as described above confers a number of advantages over the 
prior art. There Is no restriction on the object size due to the need to place the object 
In an enclosure. Furthenm>re. the possible detection of erroneous electromagnetic 
radiation not transmitted through the object is practically eliminated by placing the 
transmitter adjacent the object surface. Placing the detector (as well as the emitter) 
10 immediateiy adjacent or in contact with the object also aids in ensuring only 
microwaves transmitted through the object (or at least substantially only these 
microwaves) are detected. Surprisingly. It has been found that locating the detector 
at a short distance from the object does not necessarily corrupt accurate 
measurements. 

16 The present Invention Is also ideally suited to rapid repeat temperature 
measurements of objects on a production line or ttie like. As there Is no requirement 
for placing the object In a housing or enclosure, the dwell-time between 
measurements Is not exaceribated by removing tiie objects from a conveyor system 
or the fike, placing In an enclosure for measurement, and (possibly) replacing on the 

20 conveyor system. Instead, the temperature of chilled or frozen objects may be 
measured directly on a conveyor or similar, tiius speeding throughput signlficantiy. 

Thus, according to a further embodiment, said object is placed on a moving 
conveyance located between tfie emitter and detector. 

A moving conveyance Includes, but is not limited to. conveyor systems, pallet 
25 handling systems, automated cargo transport systems, robotic, manual or other 
human operated object handling and transportation systems and the like. 
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Preferably, said conveyance has a primary axis of travel. 



According to one aspect of the present invention, said drive apparatus is a linear 
actuator operating substantially orthogonally to said primary axis of the conveyance. 

In embodiments using objects of highly uniform size and positioning on the 
conveyance means. It may be possible for the conveyance means to transport the 
object immediately adjacent to the emitter without the need to move the emitter, i.e.. 
eliminating the need for an actuator. 

Thus, temperature measurements of successive objects may be provided by the 
combined operation of said conveyance system moving successive objects along 
said primary axis of travel between the emitter and detector and a said linear actuator 
moving the emitter (and optionally) the detector into and out of contact with an object 
when Inteiposed between said emitter and detector. 

It is thus also possible to scan a large object by making repeated temperature 
measurements at different points or even continuous measurements as the 
emitter/detector is moved over the surface of the object. 

However, it will be appreciated that the present invention need not necessarily be 
used in automated or muRi ot>|ect measurement application. The advantages of both 
simplified equipment over other electronic nonnnvasive systems together with the 
improved accuracy, convenience and nonnnvasive characteristics compared to drilled 
core samples favour the present Invention for any scale of operaUon/application. 

It is entirely feasible for an operator to manually place the emitter and detector on 
opposing sides of an object for a singular temperature measurement 

According to a further aspect, the present Invention provides a method of measuring 
the transmission or attenuation of electromagnetic radiation through successive 
objects using the apparatus as hereinbefore described, comprising the steps; 
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- successively transporting objects via said conveyance system between the 
emitter and detector along the primary a>6s of travel; 

- positioning the emitter adjacent to. or in contact with, each object when 
interposed between said emitter and detector; . 

- perfonning an electromagnetic radiation transmission or attenuation 
measurement; 

moving the emitter away from the object. 
Preferably, the method further Includes the steps of: 

- positioning the detector adjacent to. or In contact with, each object when 
interposed between said emitter and detector prior to perfonning the 
electromagnetic radiation transmission or attenuation measurement; 

- moving the detector away from the object. 

According to one aspect, the apparatus is located and operable external to any 
enclosure or housing. 



a 



According to a further preferred embodiment, the present invention provides 
method of measuring temperature of an object using microwave radiation using the 
apparatus substantially as described herein, said method characterised by the steps 



of: 



using said drive apparatus to position the microwave emitter immediately 
adjacent or In contact witti a surface of said object 

irradiating the object with microwave radiation from the emitter; 

detecting microwave radiation transmitted through the object with the microwave 
detector positioned on an opposing side of the object to said emitter 
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calculating the object temperature from said microwave radiation received by the 
detector. 



As previously stated, the Inventive emitter and detector configuration may also be 
utilised with other fomns of electromagnetic radiation and for non-temperature 
measurement purposes. 

BRIEF DE SCRIPTIQM Qp PRAWlMfSg 

Further aspects of the present Invention will become apparent from the following 
description which is given by way of example only and with reference to the 
accompanying drawings in which: 

Egyrel Shows a first side elevation of a prefened embodiment of the present 
invention; 

Bay£e2 shows a second side elevation of the embodiment shown in figure 1 ; 
Baam^ shows an enlarged view off the embodiment shown in figure.li and 
Fiayre4 shows an enlarged view of the embodiment shown in figure 2. 
BEST MODES FOR CARRYI NG OUT THg INVENTIQM 

Figures 1^ show a first embodiment of the present invention for temperature 
measurement of frozen meat boxes In a meat processing plant. 

Figures 1 and 2 show an embodiment of the present invention In the iorm of a 
microwave temperature measurement apparatus (1). comprised of a microwave 
emitter (2), a microwave detector (3). support frame (4) and a moving conveyance 
system in the form of conveyor system (5). This embodiment is primarily configured 
for measuring the temperature of frozen meat placed in standard meat cartons (6). 
However, the temperature measurement of alternative organic produce such as 
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Cheese, fish or poultry may also be performed. Testing by the applicant has 
detem^ned the successful funcUoning of the present Invention with each such 
produce. 

Furthemiore. the use of microwave radiation is exemplary and is not limiting. 
Altemative fomjs of electromagnetic radiation may be employed according to the 
specific requirements of the application without departing from the Inventive 
configuration of the emitter and detector described herein. 

Figures 3 and 4 show enlarged representations of the microwave emitter and detector 
(2. 3). conveyor assembly (5) and carton (6). The miciowave emitter (2) Is located at 
the lower end of a drive apparatus in the form of a vertically orientated linear actuator 
(7) whilst the microwave detector (3) is fixed below the conveyor system (5) in a 
confronting relationsWp directly below the microwave emitter/actuator assembly (2. 
7). 

The microwave detector (3) and the exterior housing of the actuator (7) are secured 
to the support frame (4). The conveyor system (5) is fonned from a plurality of 
cylindrical rollers (8) located transversely across the width of the conveyor (5). Meat 
cartons (6) are driven along the conveyor (5) either aotiveiy or under the Influence of 
gravity by inclining the conveyor (5). 

The primary axis of travel of the cartons (6) along the conveyor (5) passes between 
the microwave emitter and detector (2. 3) at which point a stop cylinder (9) raises 
from below the plane of the conveyor (5) surface to restrain the carton (6) while a 
temperature measurement is talcen. A nudge bar (10) positions each carton laterally 
to align with the emitter/detector (2. 3) to account for any variation in alignment as 
cartons are transported on the conveyor (5). 

When the carton (6) is correctly positioned by the stop cylinder (9) and nudge bar 
(10) between the microwave emitter and detector (2, 3) respectively, the linear 




actuator (7) lowers the emitter (2) to a position Immediately adjacerit the surface of 
the carton (6). The position of the emitter (2) with respect to the carton (6) is 
governed by an ultrasonic proximity sensor (not shown). Thus, the emitter (2) may be 
rapidly and repeatably placed in the same proximity to each successive carton (6) 
: Without risic of impact or the need for manual Inten^ention. Altemative proximity, 
contact or position sensors may be utilized Instead of an ultmsonic sensor. 

The microwave emitter (2) is then activated and a pulse of microwaves (not shown) is 
transmitted through the carton (6) towards the detector (3). The degree of 
attenuation of the transmitted microwave beam provides an indication of the 
temperature of the carton (6) and Its contents. I.e. the frozen meat 

As the emitter Is placed direcHy on the surface of the carton, virtually all the 
microwaves emitted have to travel through the carton (6) before being either 
absorbed, or detected by the detector (3). -mis configuiBtlon reduces the possibility 
for any external reflection, refraction or other indirect routes from the emitter (2) to the 
detector (3). 

Although the above embodiment shows the use of temperature measurements with a 
standard sized meat container, it will be appi^lated that a variety of other 
oblecls/contalners may be employed by configuring and dimensioning the present 
invention (1) accordingly. It will be further appreciated that alternative conveyance 
means to the conveyor system (5) may be employed. 

In the embodiment shown, the microwave detector (3) is positioned a short distance 
below the carton (6) to allow for the passage of the conveyor system (5). It will be 
appreciated that in other embodiments, the detector (3) may be placed in contact with 
or immediately adjacent to the surface of the carton (6) to ensure no extraneous 
reflected or refracted microwaves are received by the detector (3). It has been found 
in practice however that sepamting the detector (3) from the surface of the object 
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being the temperatures being measured (6) does not cause any appreciable 
degradation in the temperature measurement Nevertheless, altemative 
detector/conveyor systems (3. 5) may be configured to permit placement of the 
detector (3) in contact with, or immediately adjacent to. the carton (6). 

In yet further embodiments, the emitter (2) and detector (3) may be manually placed 
in position about the carton (6) to effect a single tempemture measurement, as may 
be required for random sampling checks and the like. 

Thus, by virtue of the aforementioned configuratfon. the present Invention provides an 
apparatus and a method for measuring the transmissfon/attenuatfon of 
electromagnetic radlatfon transmitted through a sample without erroneous 
measurements from non-transmlsston radiatfon and without need to place the said 
objects in a measurement enclosure and without obstructing the throughput of 
objects In continuous productton/packaging or storage applications. 

Aspects of the present Invention have been described by way of example only and it 
should be appreciated that modifications and additfons may be made thereto without 
departing from the scqae thereof. 
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Claims: 



2. An apparatus for measuring the transmission or attenuation of 
electromagnetic radiation through an object, said apparatus including an 
electromagnetic radiation emitter and detector, 

characterised in that the apparatus further includes a drive apparatus capable 
of reversibly placing the said emitter immediately adjacent or In contact with a 
surface of the object such that any emitted electromagnetic radiation from the 
emitter is transmitted into the object, wherein to perfom. 
transmission/attenuation measurements, said emitter is positioned by said 
drive apparatus immediately adjacent or in contact with the surface of said 
Object and said detector is positioned on an opposing side of the object such 
that the detector receives electromagnetio radiation transmitted through the 
object from the emitter. 

3. The apparatus as claimed in daim 1. wherein said apparatus is configurable 
to perfomi temperature measurements by positioning of the emitter 
immediately adjacent or In contact with the surface of said object and 
positioning said detector on an opposing side of the object such that the 
detector receives any electromagnetic radiation transmitted through the ot>ject 
from the emitter. 

4. The apparatus as claimed in claim 1 or claim 2. wherein said object includes 
any substance, material, or organic matter containing moisture and^or any 
other substance where the transmittlvity of electromagnetic radiation energy 
changes measuratily with temperature. 

5. The apparatus as claimed In any one of the preceding claims, wherein said 
object is frozen, near frozen or chilled. 
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6. The apparatus as claimed In any one of claims 1 - 4. wherein said drive 
apparatus is capal^le of reversibly placing the said microwave detector on an 
opposing side of said object to said emitter. 

7. The apparatus as claimed in any one of claims 1 - 6, wherein said drive 
apparatus is a pneumatic, hydraulic, or electro-mechanical operated linear 
actuator. 

8. An apparatus for measuring the transmission or attenuation of 
electromagnetic radiation through an object, said apparatus including an 
electromagnetic radiation emitter and detector, characterised in that the 
apparatus further includes a drive apparatus capable of reversibly placing the 
said emitter immediately adjacent or in contact with a surface of the object 
such that any emitted electromagnetic radiation from the emitter is transmitted 
into the object, and a proximity sensor capable of detemilning the proximity of 
the object to the emitter, wherein to perform transmlssion/attenuation 
measurements, said emitter is positioned by said drive apparatus immediately 
adjacent or in contact with the surface of said object and said detector is 
positioned on an opposing side of the object such that the detector receives 
electromagnetic radiation transmitted through the object from the emitter. 

9. The apparatus as claimed in claim 7. wherein the proximity sensor is an 
ultrasonic sensor. 

10. The apparatus as claimed in any one of the preceding claims, wherein said 
detector is positlonable Immediately adjacent to. or in contact with, said object 

11. The apparatus as claimed in any one of claims 1^. wherein said detector is 
located proximate to. but not in contact with said object. 

12. The apparatus as claimed in any one of the preceding claims, further including 
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a moving conveyance configured to transport a plurality of objects along a 
primary axis of travel passing between the emitter and detector. 

13. The apparatus as claimed in dalm 11. wherein the moving conveyance 
Includes conveyor systems, pallet-handling systems, automated cargo 
transport systems, robotic, manual or human-operated object handling and/or 
transportation systems. 

14. A method of measuring the transmission or attenuation of electromagnetic 
radiation through successive ot^eds using the apparatus claimed In dalm 1 1 
or 1 2, comprising the steps; 

- successively transporting objects via said conveyance system between 
the emitter and detector along the primary axis of travel; 

- positioning the enrUtter adjacent to, or In contact with, each object when 
Interposed between said emitter and detecton 

- performing an electromagnetic radiation transmission or attenuation 
measurement; 

moving ttie emitter away from the object 
15. The method as claimed in dalm 13 induding the furttier steps of; 

- positioning ttie detector adjacent to. or In contact with, each object when 
interposed between said emitter and detector prior to performing the 
electromagnetic radiation transmission or attenuation measurement; 

moving tfie detector away from tfie object 

16. The metiiod as dalmed In claims 13 or 14. wherein ttie apparatus is located 
and operable external to any enclosure or housing. 
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17. A method of measuring temperature of an object using microwave radiation 
using the apparatus as claimed in claims I-12. said method characterised by 
the steps of: 

- using said drive apparatus to position the microwave emitter 
immediately adjacent or in contact with a surface of said object; 

- inadlating the object with microwave radiation from the emitter; 

- detecting microwave radiation transmitted through the object with the 
microwave detector positioned on an opposing side of the ol^ect to 
said emitter 

- calculating the object temperature from said microwave radiation 
received by tfie detector. 

18. An apparatus substantially as hereinbefore described with reference to. and 
as shown in the drawings. 

19. A method substantially as hereinbefore described with reference to. and as 
Shown in the drav\^ng$. 
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Abstract 



An apparatus (1) for measuring the transmission or attenuation of electromagnetic 
radiation through an object (6). said apparatus (1) including an electromagnetic 
radiation emitter (2) and detector (3), 

characterised In that the apparatus (1) further includes a drive apparatus capable 
of reversibiy placing the said emitter (2) immediately adjacent or in contact with a 
surface of the object (6) such that any emitted electromagnetic radiation from the 
emitter (2) Is transmitted into the object, wherein to perform 
transmlsslon/atlenuatlon measurements, said emitter (2) is positioned by said 
drive apparatus Immediately adjacent or in contact with the surface of said object 
(6) and said detector (3) is positioned on an opposing side of the object (6) such 
that the detector (3) receives electromagnetio radiation transmitted thrxnigh the 
object (6) from the emitter (2). 
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